Objective: The current systematic review aims to provide an overview of fear of cancer recurrence (FCR) in adolescent and young adult cancer survivors (15-39 years at cancer diagnosis, AYAs).
that cancer will come back or progress. 6 Patients with high FCR often report significant psychological distress (ie, depression and anxiety), increased health service use, 7, 8 and negative behavior changes (ie, avoidance and excessive personal self-examination behaviors). [9] [10] [11] [12] This concern may appear immediately after cancer diagnosis or treatment and has been shown to remain stable for years. 13 Recent studies have shown that about 24% to 40% of the survivors reported moderate to high levels of need for help dealing with their FCR. [14] [15] [16] Studies consistently reported that survivors diagnosed at a young age, female gender, and patients with more physical symptoms were more likely to experience higher FCR. 14, 17 Meta-analysis
showed that having had a mastectomy, 4 radiotherapy, 18 or chemotherapy 19 was significantly related to elevated fear level. A recent study indicated that psychological factors play a stronger role in FCR than demographic or clinical factors. 20 Lebel et al 7 found that a patient's FCR was significantly predicted by the individual's perceived risk of recurrence, illness uncertainty, and triggers. Smith et al 21 indicated that negative metacognitive beliefs, as well as intrusive post-traumatic stress symptoms, were independent correlates of FCR, which accounted for 26% and 28% of the total observed variance, respectively. Another large sample study in Chinese cancer patients revealed that higher stress, anxiety, depressive symptoms, and personality (pessimism) were significant predictors of FCR, and hierarchical regression analysis showed that sociodemographic and clinical factors only accounted for 6.9% of the variance of FCR while psychological variables explained 33.1% of the total variance. 22 Many reviews have been conducted to provide overall knowledge about FCR in adult survivors. The first literature review on FCR was published by Lee-Jones et al. 1 Since the publication of the first review, FCR research has expanded considerably. In recent years, Crist et al a systematic review in long-term cancer survivors (above 5 years since diagnosis). They reported that survivors suffered from FCR even years after initial cancer diagnosis, and studies including long-term and short-term survivors showed no significant change of FCR over time.
In addition, reviews concentrating on specific cancer populations were also conducted. A review by Ozga et al 24 was published, and it concluded that hopelessness, anxiety about death, uncertainty of the future, faith, and more PTSD symptoms were significantly related to FCR in ovarian cancer survivors.
Even though these FCR literature reviews have been published since 1997, and previous research has consistently showed that young age was significantly associated with increased FCR, this relationship has only been observed in adult samples, and no review has focused specifically on how FCR manifests itself in adolescent and young adult (AYA) cancer survivors. However, cancer is the leading cause of disease-related death among AYAs, 25 and recently national AYA programs have been attempted to fill the gap between the pediatric and adult oncology services and to provide better support for AYAs cancer patients. 26 We believe these features indicate an important need to conduct a specifically targeted systematic overview of FCR in AYAs.
There are different definitions of the AYAs among countries. 26 In a recent report, WHO 27 summarizes that adolescents and youth are referred to as young people, encompassing the ages of 10 to 19 years.
In 
| Data extraction
Titles and abstracts of potential eligible records were reviewed after removing duplicate studies, then unsuitable articles were excluded.
Full papers were subsequently obtained and examined. Only papers that fulfilled the full inclusion criteria for the review were kept. For each study, the following data were extracted: (1) first author's name, (2) year of publication, (3) country of study, (4) study design, (5) basic sociodemographic and clinical/treatment information of the study sample (such as age at diagnosis and at survey, gender percentage, and time since diagnosis), (6) FCR measurement, and (7) main findings of the study (ie, FCR prevalence, potential determinants, and outcomes). The independent variables of the original article were classified as the "potential determinants," while the dependent variables were considered as the "outcomes/consequences."
| Quality assessment
The quality of each included article was assessed using the Standard Quality Assessment Criteria for quantitative studies (QualSyst criteria). 29 Items were scored on the specific criteria (Yes = 2, Partial = 1, or No = 0). Items not applicable to a particular study design were marked "N/A" and were excluded from the calculation of the total quality score. A summary quality score was calculated for each study by summing the total score obtained across relevant items and dividing by the total possible score (ie, 28 -[number of "N/A" × 2]).
Strong quality was defined as (greater than 0.80), good quality (0.70-0.80), adequate quality (0.50-0.70), or limited quality (less than 0.50). 29 The quality assessment was conducted by two researchers 3 | RESULTS
| Study selection
The search process is presented in Figure 1 . The literature search of Pubmed, Embase, PsycINFO, and MEDLINE databases identified 1004 references. After duplicates were excluded, 835 records remained. Examination of titles and abstracts for appropriateness left 58 articles. After retrieving full texts and further evaluation, 17 studies were included in the systematic review. All the included studies were assessed by the QualSyst criteria, and none were scored as limited quality. Detailed scores of quality assessment are showed in Data S3.
| Characteristics of included studies
The publication dates of the studies ranged from 1997 to 2018 (two articles were published 30, 31 in the 1990s, three [32] [33] [34] In all, seven articles reported results of FCR prevalence, six of them studied determinants related to FCR, and 11 articles provided information about consequences of FCR. Main characteristics and findings of the included articles are presented in Table 1 .
| Prevalence of FCR
Seven articles reported prevalence data on FCR. with the study of Wang 44 which found that only 7% of the AYAs reported strong worry about recurrence (rated as "strongly agree").
Another study with 292 survivors showed that about half of the participants experienced moderate-to-high recurrence fear (2 ≤ FCR mean score < 3), but only 13% of them reported high level of FCR (mean score = 3). 43 Puukko et al 30 treatment intensity were significantly associated with increased FCR.
One study examined the relationship between spiritual distress and FCR in 120 mixed AYA cancer survivors and found that spiritual struggle was significant positively related to FCR in a bivariate correlation analysis. However, this association disappeared when having undergone chemotherapy was controlled. 42 
| Consequences of FCR
Eleven articles reported information about consequences of FCR. 26, 30, [32] [33] [34] 36, [38] [39] [40] [41] 43 A study 31 found that FCR was the foremost intense life change the AYA survivors had experienced. Strong evidence has been found to support the relationship between high 41 Studies also found that FCR may lead to decreased breast self-examination frequency 32 and less nicotine dependence. 40 Compared with younger adolescents (aged 12-15), older adolescents (aged [16] [17] [18] are less likely to perform breast self-examination because of general fear about cancer and FCR.
In addition, FCR may also influence AYA survivor's attitude towards future pregnancy and parenting; one study showed that more than one third of the participants did not want to have additional children because of FCR. 36 However, other studies indicated Table 3 .
| DISCUSSION
Even though FCR study has expanded progressively over the last decade, there are only a few studies that focus specifically on FCR in AYA cancer survivors. To our best knowledge, at least three reviews of the literature have been conducted in AYAs to investigate their posttreatment outcomes, QoL, as well as the influence of psychosocial interventions. [45] [46] [47] However, this is the first review to explore FCR in AYAs. It has been frequently reported that younger age is significantly associated with higher levels of FCR. 17 Therefore, we believe it is of importance to systematically explore the prevalence, correlates and potential consequences of FCR in this special population group.
Of the 17 included articles, of which all, but one, received a strong overall quality rating, three concentrated specifically on breast cancer survivors, and one on leukemia. It has been found that the incidence of specific cancer types varies according to age. 28 For example, leukemia, lymphoma, testicular cancer, and thyroid cancer are the most common cancers among 15-to 24-year-olds, and among 25-to 39-year-olds, breast cancer and melanoma are the most common. Our review also found that all of the included studies were conducted in North America or European counties, which indicated that Asian countries have not provided sufficient attention on FCR in AYA survivors.
| Prevalence of FCR
The prevalence data on FCR is inconsistent. Simard et al 17 reported
that around 39% to 97% (on average 73%) of adult cancer survivors One study found that there was a slight increase in FCR over time in AYA cancer population. A recent study followed adult breast cancer patients soon after primary surgery and assessed FCR at baseline, 6
and 18 months follow-up. 48 They reported that FCR was stable for the first 6 months but increased at 1.5 years in younger compared with older patients. Another study by Manne et al 49 found that nearly 50% of the adult patients diagnosed with gynecological cancer continued to experience a high level of FCR (high stable) 6 months after cancer diagnosis, and about 25% of them reported decreasing FCR over time (high decreasing) while the remaining 25% reported consistently low FCR (low stable).
| Determinants of FCR
Most of the demographic and clinical factors were found to be not significantly associated with levels of FCR in AYAs, but weak evidence emerged for gender, treatment intensity, and psychological distress.
Even though only two studies suggested that female experienced greater fear than male AYAs, this finding is consistent with several studies in adult cancer patients. 13, [50] [51] [52] However, many contrary findings were also reported. In a review by Simard, 17 a total of 12 studies found no relationship between gender and FCR in adults. In our current review, one study also reported a nonsignificant association. 26 Further research is needed to better understand the association between gender and FCR.
Our findings showed that different treatment type (ie, surgery) was unrelated to FCR, but higher treatment intensity was significantly associated with increased FCR. Some previous studies identified radiotherapy/chemotherapy as predictors of higher FCR; however, this relationship tended to disappear in multivariate analyses. 53, 54 One possible reason is that those who were more intensively treated may have greater awareness and more knowledge about risks for chronic health complications. Another reason may be the treatmentrelated symptoms/side effects, such as tiredness, nausea, and skin reaction caused by radiotherapy and chemotherapy. It has been found that physical and cognitive impairments through treatment side effects could greatly contribute to elevated FCR. 55 [45] [46] [47] Researchers believe that alleviating this concern could considerably help to improve patient's life outcomes. 62 
| Clinical implications
It is of importance to ensure AYAs receive sufficient information and help on dealing with FCR. To date, several organizations have developed detailed guidelines for AYA cancer populations to provide better psychological service. 46 However, specific FCR interventions for AYAs are still lacking. Therefore, providing more attention to AYA populations and developing more specific psychological programs for them are necessary. Researchers suggested that AYA-specific programs should consist of a multidisciplinary group with professional knowledge and skills. 63 Besides traditional counselors, religious peers, support groups, and clinical psychologists, in particular, the team should include a highly motivated person with a professional interest in AYA oncology/survivorship (an "AYA champion"). 63 It is believed that 
| Study limitations
There are several limitations in this review that require consideration.
First, the overall target sample is homogenous (all White, from North America or European countries). This may preclude generalization to other populations. Also, most of the included studies were crosssectional, and the sample size varied significantly (ranged from 20 to 1395). Out of the 17 included studies, 10 of them were published after the robust review of Simard 17 and seven were published recently within 3 years. However, there is still an overlap between the studies included in the current review and those in previous reviews. The number of scale items also varied widely, and FCR was assessed using a range of measurements among the included studies; additionally, insufficient efforts have been made to establish standard clinical cutoffs of FCR. Finally, no attempt was made to search for non-English articles or unpublished articles, and qualitative studies were excluded in the current review. Therefore, we suggest that these results should be interpreted with caution.
| CONCLUSION
FCR is a prevalent concern among AYA population, but it has not been adequately assessed or research advanced enough to establish design criteria for development of targeted interventions to manage FCR for this specialist group of patients. Longitudinal studies in AYAs are needed to examine further the long-term development and influence of FCR. Age-appropriate and flexible psychological care services are likely to be indicated from this more advanced information base, if initial speculation from this review is confirmed. Decreasing FCR may lead to improved QoL and better adherence to cancer surveillance; therefore, increased attention should be targeted at AYA cancer survivors.
